The purpose of this paper is to describe some of the changes which occurred in the blood and bone marrow of patients who received bis nitrogen mustard therapy for various reticuloses and bronchial carcinoma. Ihe clinical results 111 this series have already been reported (Brown & Davis, 1949) .
The sulphur and nitrogen mustards are established cytotoxic agents with, an action in many respects similar to that of x-radiation. Clinical
Use of the nitrogen mustards in the treatment of neoplastic disease has revealed that, like x-rays, these substances may provoke moderate or severe leucopenia, anaemia, and a bleeding tendency associated with thrombocytopenia. These haematological complications of nitrogen ftiustard were early regarded as the limiting factor in determining dosage (Rhoads, 1946) . Goodman et al. (1946) , and Jacobson et al. (1946) found that depression of marrow activity up to complete aplasia, and widespread destruction of lymphoid tissue, might occur after 0.1 mg. nitrogen bustard per kg. body weight, given daily over a period of one to six days. The first change in the peripheral blood reported by these authors vvas lymphocytopenia which became apparent usually within twentyfour hours of the first dose of nitrogen mustard and progressed for six to eight days. The total leucocyte count fell progressively for two to three ^veeks, due chiefly to severe neutropenia. The duration of this change vvas relatively short, and recovery was usually complete within two weeks the maximum reduction. There was a variable degree of thrombocytopenia in the third week after completion of the course of treatment, ^d cell and haemoglobin levels declined during the first two weeks after treatment, but rarely by more than 300,000 cells per cu.mm. or ^?0 g. haemoglobin per 100 ml. In the fifth week a slight tendency to 93 macrocytosis was observed. Studies of total excretion of urobilinogen indicated a definite increase in haemolysis. In neither of these two papers were the haematological changes described in detail, but the salient findings are in conformity with those of other workers in this field.
Although reference is made in most of the published reports on nitrogen mustard therapy to the depression of the bone marrow which may result from this treatment, few details of the changes which may occur in the bone marrow have been published. The most complete account is by Spurr et al. (1947) Experimental work in animals has revealed changes in the bone marrow very similar to those described in man (Graef et al., 1948 Leucopenia. A fall in the total white cell count to levels below 4,000
Per cu.mm. was encountered in twenty-six of thirty-nine patients. In twenty-two the total count fell below 3,000, in seventeen it fell below 2,000, and in six below 1,000 (Fig. 3) (Fig. 3) . Those more seriously affected took longer to recover, and in all but two the white cell count had reached a level of at least 4,000 within six weeks of the course of treatment. Even these two exceptions ultimately showed normal levels.
In spite of the fact that very severe leucopenia occurred in six patients, the leucopenia which followed the use of nitrogen mustard was not obviously responsible for any untoward symptoms in this series.
Effect of dosage. As with the development of anaemia, the tendency to leucopenia will to some extent depend on the amount of the drug given in each course of treatment. In common with the other reactions, however, wide variations were seen in the white cell response. Among those patients who did not show any fall in white cells after treatment were several who were given 2-3 courses each of 5 mg./kg. body weight, whereas among those who showed a very marked reduction in white cell levels were seven who had received not more than 4 mg./kg.
Effect of multiple courses of treatment. The variability of the effect of multiple courses was just as great as that of single courses. Some patients given full doses of 5 mg./kg. showed no effect after repeated courses : some showed leucopenia similar in severity and duration after each of three courses at intervals of two to three months : some showed increasing severity of white cell response to successive courses. In two cases leucopenia occurred after the first, but not after the second course, although the same dosage was given on each occasion. As in the case of the effect on the red cells, it would seem that administration of up to 5 mg./kg. body weight of nitrogen mustard, even repeated at intervals of two to three months over periods of nine to twelve months, is not likely to result in irreversible depression of the white cells. Megakaryocytes were numerous and normal in type, but plasma cells and reticulum cells had almost entirely disappeared.
Bone marrow on the thirty-sixth day : The general picture was still that of increased activity, though to a less degree than that seen in the previous preparation. Erythropoiesis was still unusually active, which was not surprising in view of the fact that slight anaemia was still present (3.5 million). While the majority of the nucleated red cells were obviously those of the normoblast series, a small proportion were very large and had an unusually open reticular nuclear structure in association with premature liaemoglobinatiou. In several instances they closely resembled intermediate inegaloblasts (Fig. 4) .
Cases showing severe hypoplasia.
Case 33. A male aged 35 with lymphadenoma was given 5 nig./kg. nitrogen mustard over four days. His general condition was already poor, with a red cell count of 2.61 million. On the tenth day after the first injection the marrow was found to be extremely hypoplastic. Section showed numerous fat spaces with almost complete absence of haemopoietic tissue (Fig. 5) Bone marrow on the fifteenth day : The general picture is that of marked hypoplasia (Fig. 8a ) but here and there are small groups of red cell precursors suggesting commencing regeneration. Plasma cells are numerous and polynuclear forms are common (Fig. 8b) .
Bone marrow on the twenty-first day : The general picture is that of hypoplasia with commencing regeneration: megakaryocytes are seen.
Plasma cells and reticulum cells are very numerous (Fig. 9) .
Hone marrow on the twenty-eighth day : The general picture is still that of hypoplasia, but with evidence of increasing activity. An increase of reticulum and plasma cells is still seen. Fig. 10 shows a group of macronormoblasts from this marrow. Bone marrow on the tenth day ( Fig. 13) The anaemia attributed to nitrogen mustard by Goodman et al. (1946) and Jacobson et al (1946) was moderate in degree, the fall in the red cell count being on the average not more than 7 per cent of normal values.
These authors also found evidence of increased excretion of urobilinogen and concluded that increased red cell destruction was occurring. The present findings reveal that the red cell count may be depressed by as much as 1,000,000 per cu.mm. and that this anaemia is associated with a variable degree of bone marrow hypoplasia. On the other hand hypoplasia of the bone marrow has been found in the absence of a significant fall in the red cells {e.g., Case 41). This can be accounted for only by the very temporary nature of the bone marrow changes and the relatively long life of the red cell. Increased red cell destruction can scarcely be a significant factor in such cases although it may well be a feature when the resulting anaemia is more severe.
The white cell, in contrast with the red cell, has a short life. Consequently, as might be expected, a reduction in the peripheral white cell count rapidly results from interference with the production of these cells in the marrow and elsewhere. Thus, variation in the number of these elements in the peripheral blood is a sensitive index of depression of their tissues of origin.
The finding that thrombocytopenia is a late haematological disturbance after nitrogen mustard is in agreement with those of other writers. It may be related to the fact that megakaryocytes tend to persist longer than other haemopoietic elements in marrows undergoing aplasia.
The belief that nitrogen mustard exerts a selective inhibitory effect on cells in active proliferation is supported by the finding that in no marrow preparation examined from the fourth day after the first dose of nitrogen mustard until recovery was well established, was there any evidence of mitotic activity. (Fig. 13) . The increase in plasma cells is among the earlier changes seen and has been observed on the fourth day after the first dose of nitrogen mustard. These cells become increasingly prominent as the other elements disappear and the marrow as a whole becomes increasingly hypoplastic. It may be said that on several occasions they have been so numerous that the picture has resembled that of myeloma. This is important, because plasma cell reaction to factors causing aplasia is not limited to the use of nitrogen mustards. We have observed it in hypoplastic marrows associated with infection and in certain obscure aplastic states. The evidence suggests that the increase in plasma cells is absolute rather than relative. In the first place it can be stated that in none of the cases were plasma cells unduly numerous in the bone marrow smears observed prior to treatment, although we are aware it has been claimed that lymphadenoma (Iyimarzi & Paul, 1949) and also metastatic carcinoma (Lanier, 1949) (Figs. 4 & 10) . The cause is obscure, but it should be noted that a genuine macrocytic blood picture may occur in various types of aplastic anaemia. In this connection it is of interest that the red cell precursors showed certain qualitative abnormalities. In most of the patients macronormoblasts were a feature (Fig. 10) , but in one it was noted that the cells bore a resemblance to megaloblasts (Fig. 4) (Barron, Bartlett & Miller, 1948) .
SUMMARY.
The haematological effects of bis nitrogen mustard given in four-day courses of 4-5 mg./kg. body weight to thirty-nine patients with neoplastic disease are described.
In twelve patients a significant fall (as much as 1,000,000 per cu.mm.) in the red cell count was attributed to nitrogen mustard. A fall in the total white cell count to levels below 4,000 per cu.mm. was encountered in twenty-six patients. Serial platelet counts in eight patients revealed progressive thrombocytopenia in seven (50,000-130,000/cu.mm.) 
